Land use/land cover (LULC) changes have become a central issue in current global change and sustainability research. Saudi Arabia has undergone significant change in land use and land cover since the government embarked on a course of intense national development 30 years ago, as a result of huge national oil revenues. This study evaluates LULC change in Makkah and Al-Taif, Saudi Arabia from 1986 to 2013 using Landsat images. Maximum likelihood and object-oriented classification were used to develop LULC maps. The change detection was executed using post-classification comparison and GIS. The results indicated that urban areas have increased over the period by approximately 174% in Makkah and 113% in Al-Taif. Analysis of vegetation cover over the study area showed a variable distribution from year to year due to changing average precipitation in this environment. Object-based classification provided slightly greater accuracy than maximum likelihood classification. Information provided by satellite remote sensing can play an important role in quantifying and understanding the relationship between population growth and LULC changes, which can assist future planning and potential environmental impacts of expanding urban areas.
Introduction
Land use/land cover (LULC) change has arisen as a fundamental component of global environmental change and sustainability research today [1] - [3] . The concept can be classified as intensely dynamic in terms of changes in both natural components and human activities that impact negatively on environmental factors such as biota, soil, topography, surface and groundwater, and human structures. Land cover changes may be classed as natural or anthropogenic [4] . However, anthropogenic LULC changes impact more rapidly than natural changes due to increases in human activities [5] [6] . As a result, the Earth's surface has been modified significantly in recent years by different kinds of land cover/use changes [4] [7] . Most ecosystems of the world have been altered or are being altered by human production of goods and services [6] [8] [9] . LULC change is widely accepted as a threat to several biomes including forests, grasslands, wetlands, tundra and deserts.
In Saudi Arabia, where the desert is dominant in more than 70% of biomes [10] , land use and land cover have changed significantly during the last 30 years since the government began implementing an intense program of development, financed by huge oil revenues [11] . Saudi Arabia is recognized as a nation boasting one of the most rapid settlement expansions in the Middle East [12] . This development has resulted in changes in a number of environmental components including landscape ecology, hydrological processes, climatic system and land cover patterns. However inadequate planning structures and a lack of understanding of, and consideration for, negative consequences has brought about large excesses in development and a consequent deterioration of the desert ecosystem. A knowledge of LULC change is essential to understand and model complex environmental changes. Spatial patterns of LULC need to be accurately represented and highly detailed, in order to understand the complex changes in this particular environment.
Multi-temporal data is useful for providing a better understanding of the complex LULC change patterns [13] . The repetitive coverage of satellite images and improvement of image quality can provide valuable assistance in identification of LULC change [14] . Such information can be analyzed using remote sensing techniques which provide the ability to detect changes to the earth's surface through space-borne sensors [15] . Several techniques using satellite images to detect LULC change patterns have been developed and employed over the last three decades, the most frequently used remote sensing technique for detecting LULC change being post-classification comparison [16] - [18] . This form of comparative technique has the ability to detect the changes through map to map comparisons and facilitates the provision of greater detail in the change trajectories.
Remotely sensed imagery has been widely used for detecting LULC changes. Among others, Weng [19] and Berlanga-Robles and Ruiz-Luna [20] investigated land use change dynamics in the Zhujiang Delta south China and the Northern Coastal Region of Nayarit, Mexico respectively using satellite imagery, GIS and stochastic modelling technologies and they concluded that the integration of satellite data and GIS is an effective approach for analysing the direction, rate and spatial pattern of land use change. Chauhan and Nayak [21] adopted multi-temporal satellite data to monitor LULC changes in the Hazira Area, India and they found that remote sensing and GIS can provide a better understanding of LULC change patterns. Dewan and Yamaguchi [22] used multi-temporal satellite data and topographic maps to detect LULC changes in Dhaka Metropolitan, Bangladesh from 1960 to 2005 and they argued that multi-temporal satellite data is useful tool for sustainable land management and policy makings. Vittek, Brink [23] examined land cover changes occurring between 1975 and 1990 in West Africa using systematic sample of satellite imagery and they concluded that satellite images can provide valuable information regarding to land cover change. This paper aims firstly to explore and analyze the characteristics of LULC changes in the desert cities of Makkah City and Al-Taif Province, Saudi Arabia, using Landsat time-series imagery from 1986 to 2013. Its second objective is to highlight the spatial and temporal patterns of change during this period and the third objective is to investigate the most accurate classification technique for deriving and mapping change detection in the study area.
Materials and Methods

Study Area
The study area (Figure 1) is located in the Makkah Region of western Saudi Arabia, on the central part of the Hejaz Mountains (a part of the Al-Sarawat Mountains) and contains two major cities (Figure 1) . Makkah City is located in the central part of the region and has an average temperature of 40˚C in summer and 30˚C in winter. According to the 2013 Central Department of Statistics and Information (CDSI) census data, it has a population Over the past 30 years, both Makkah city and Al-Taif have experienced rapid urbanization and exhibit a wide variety of land use and land cover types. Makkah, as the most revered holy place of the international Muslim community, receives more than 3 million visitors annually, embracing the rituals of the Hajj pilgrimage [24] . Natural growth and both internal and external migration has led to a large population increase in Makkah with many pilgrims deciding to remain in the city after their pilgrimage [25] . Additionally, the migration of the rural population towards the city due to either religious or economic factors has also contributed to the population increase. Al-Taif, the other city forming part of this study, is about 170 km from Makkah and is the most important tourist city of Saudi Arabia and the Arab States of the Gulf. Al-Taif is the summer destination of many Saudi and Arabian Gulf citizens annually. During the last 30 years, the land use and land cover over Al-Taif has seen changes to its rural surrounds due to high revenue from tourism. Many of the agricultural areas have been converted to tourist facilities and attractions. This development and its associated environmental consequences need to be assessed and addressed in order to avoid negative impacts of future developments.
Data and Analysis
Data used in this research comprised four cloud-free Landsat (TM4, 5 and OLI-TIRS) images, path 169 and row 45, which were collected on 21 June 1986, 27 August 1990, 10 May 2000 and 30 May 2013. All four images were obtained from the USGS Global Visualization (GloVis) site and geometrically corrected and rectified to UTM zone 37. An IKONOS image for Makkah City and a SPOT image for Al-Taif Province (provided by the King Abdulaziz City for Science and Technology (KACST)) were used for visual interpretation in order to assess the classification process. Figure 2 shows the flow diagram of the research process.
Image Classification
Pixel-Based Classification
The most common parametric classifier, maximum likelihood classification, has been used in this study. It as- sumes normal or near normal spectral distribution for each feature of interest and an equal prior probability among the classes [26] . The classification scheme used was based on the land use and land cover classification system provided by Anderson, Hardy [27] . Five level 1 classes were identified: vegetation, urban, sand, barren land and rocky ( Table 1) . Prior to classification, all satellite data were interrogated using spectral and spatial profiles to ascertain the digital numbers (DNs) of different land cover categories. A combination of six Landsat TM layers (band 1 through 5 and 7) and seven Landsat 8 bands (band 1 through 7) were used to perform the maximum likelihood classification. Mixed pixels are a common problem when using medium-spatial resolution data such as Landsat [28] . In order to reduce the mixed pixels between some land cover features (e.g. urban and barren land) due to similarities in their spectral properties, the urban features were extracted using the urban built-up index provided by Xu [29] . In addition, textural image based on variance, with a window size of 3 × 3 pixels, was employed to extract the heterogeneous and complex combination of urban features. However, there were also missed pixels (urban) which were overcome using visual extracting in GIS.
Object-Oriented Classification
Unlike pixel-based classification, object-oriented classification uses image segments to divide the pixels into groups that represent the landscape objects [30] . Segmentation is the process of partitioning images into isolated objects so that each object shares a homogeneous spectral similarity [26] . In this research, object-oriented classification was performed using eCognition ® Developer 8.9. All Landsat images were individually classified for both Makkah and Al-Taif. Each image was segmented using multi-resolution segmentation algorithm using 5 scale parameters. Five classes of land cover schemes as described above (Table 1) were used on an objectoriented classification platform.
Accuracy Assessment
In general, the accuracy assessment determines the quality level of information extracted from remotely sensed data [31] . Classification accuracy refers to the rate of correspondence between the remotely sensed data and reference information [32] [33] . A common method for accuracy assessment is through the use of an error matrix which provides detailed information of the agreement between the classification results and reference information [31] . Additionally, accuracy assessments such as overall accuracy, producer's accuracy, user's accuracy and overall kappa coefficient were carried out using the error matrices. Equation (1) was used to compute the kappa coefficient [34] : 
where k is the number of rows in the matrix; x ii is the number of observations in row i and column i; x i+ and x +i are the marginal totals of row k and column i respectively; and N is the number of observations.
Change Detection
Multi-date post-classification comparison change detection was used to determine the change in land use and land cover. Post-classification comparison is the most common approach and provides efficiency in the detection of changes [17] [18] [35] . In addition, an overlay procedure using GIS was used to obtain the spatial changes in land use and land cover spanning three time intervals, 1986-1990, 1990-2000, and 2000-2013.
Results and Discussion
Land Cover Patterns
Spatial patterns of LULC changes in Makkah and Al-Taif are shown in Figure 3 and Figure 4 respectively, and the individual class area and change statistics for the four years for Makkah and Al-Taif are summarized in Table 2 and Table 3 . The percentages of land cover change from the total land cover of 1986, 1990, 2000 and 2013 are also shown in Table 2 and Table 3 for Makkah and Al-Taif respectively. From these tables, it is clear that there was a considerable change in land use and land cover in Makkah and Al-Taif during the 27-year study period. Urban area increased by approximately 17574 ha (174%) in Makkah and by approximately 7391 ha (113%) in Al-Taif. The vegetation cover also increased in both Makkah and Al-Taif by approximately 3145 ha (291%) and 5017 ha (262%) respectively. Rocky is the dominant land cover class for both Makkah and Al-Taif. This is because the geographical location of both cities is on the Al-Sarawat Mountain range. Sand forms another major class of land cover for both Makkah and Al-Taif. Figure 5 and Figure 6 show the changes in urban areas from 1986 to 2013 in Makkah and Al-Taif respectively. The most dense urban areas have spread from the center of Makkah in almost all directions. The most urbanized areas were found in the north-east and south-west regions of the city. In addition, the central region of Makkah has changed between 1986 and 2013 and the trend of built-up area has moved southwards. Additionally, the north-west region of the city has expanded between 1986 and 2013. In contrast, there was little change in central Al-Taif, with most changes occurring in the north-east and eastern regions of the city. Most of these areas have been successfully urbanized, containing a diverse mix of human activity, including industrial and residential areas. Figure 7 demonstrates the relationship between population density and urban growth in Makkah and Al-Taif from 1986 to 2013, expressed as a percentage. An analysis of the population data indicates an overall population increase for Makkah, from 711,321 in 1986 to 1,867,886 in 2013, and from 451,321 in 1986 to 1,083,693 in 2013 for Al-Taif. The relationship between population growth and growth in urban land area as determined from Landsat data change maps shows a high correlation between population growth and urban expansion. It is clear from Figure 7 that the greater the population increase, the greater the urban expansion, for both Makkah and Al-Taif. The increase in population of Makkah and Al-Taif may be attributed to an increased life expectancy, in effect an increase in the birth rate and concurrent decrease in the death rates, and increasing internal migration to both cities due to economic opportunities over the last 27 years. Overall, the process of urbanization in both Makkah and Al-Taif demonstrates a combination of driving forces, which include geographical location, population growth, accessibility of public services, economic opportunity, globalization, tourism and annual pilgrimage, and associated activities and industry. Landsat images reveal that the direction of urban growth in Al-Taif from 1986 to 2013 was distributed over rural areas. In Makkah, the government has started a massive expansion project in the central part (the holy place) of the city to increase its capacity to deal with the Hajj pilgrimage. Urban residential areas have been cleared and decentralized to the rural outskirts of the city in the application of this project. In general, the distribution of urban areas in Makkah and Al-Taif has been influenced by the topography which controls the trend of urbanization. (Figure 9(A) ), whereas in Al-Taif, agricultural areas increased in 2000 ( Figure 9(B) ). As shown in Figure 9 (A) and Figure 9 (B) few agricultural areas existed in Makkah 1990 and Al-Taif in 2000. The land was reclaimed for cultivation in both cities during this period using the center pivot irrigation system. In addition, in 2013 there was also an increase in the vegetation cover of both cities. For Makkah the sewage lake (Figure 10(A) ) and afforestation in Arafat (Figure 10(B) ) increased the total area of vegetation cover. In Al-Taif, the total area of vegetation cover increased by approximately 6935 ha in 2013, due to increasing agricultural areas in the west and south-west regions of the city.
Urban Growth
Vegetation Variation
Another aspect is the annual variations of scatterings of plants in the desert environment according to variations in average rainfall. Both Makkah and Al-Taif are arid with low precipitation levels ( Table 4) . However, Al-Taif receives slightly higher rainfall than Makkah. The level of precipitation was intermittent for both Makkah and Al-Taif and its consequent influence on the distribution of vegetation cover. For example, the vegetation cover in Makkah was low in 2000 in accordance with a low rainfall that year (Table 4 ) preceding the date of the image acquisition, while Al-Taif had reasonable rainfall preceding this date. Vegetation cover shows an association with valleys (wadis) because of higher soil moisture levels. Most plant species in this environment adapt to the dry, hot extremes through physical and behavioral mechanisms. Such species germinate after heavy rain and then quickly complete their reproductive cycle. In Table 4 the total amount of rainfall of Al-Taif in April and May 2013 was 79.2 mm which should be viewed in conjunction with Figure 4(d) and Table 3 showing that the vegetation cover was distributed through the valleys in the east and north-east regions of the city.
Accuracy Assessment
Error matrices of maximum likelihood classification and object-oriented classification were used to assess classification accuracy and are summarized for all years in Table 5 and Table 6 respectively. 183 samples were selected randomly in order to examine the image classification accuracies. The producer's and user's accuracies of both pixel-based classification and object-oriented classification showed a high percentage in the vegetation class. This is because the vegetation is scattered and easily distinguished from satellite images. Additionally, vegetation gives a unique spectral reflectance in the near-infrared bands. The producer's accuracies of urban class also showed a high percentage in both pixel-based classification and object-oriented classification, while the user's accuracies showed a medium percentage in the pixel-based classification. In contrast, object-oriented classification improved the user's accuracies of urban class. The low percentage of producer's accuracies was found in barren land because of the mixed pixels with other classes. Both producer's and user's accuracies of sand and rocky showed a high percentage using maximum likelihood classification and object-oriented classification. The overall accuracies of maximum likelihood classification for 1986, 1990, 2000 and 2013 were 88.9, 90.0, 88.8 and 92.4 percent while the overall accuracies of object-oriented classification were 92.5, 93.5, 91.5 and 90.7 percent respectively. Thus, object-oriented classification provided slightly improved overall accuracies in comparison with maximum likelihood classification.
Image Classification
The classification techniques used to derive the LULC maps for 1986, 1990, 2000 and 2013 were the traditional maximum likelihood classification and object-based classification. The maximum likelihood classification is based on the probability that a pixel belongs to a particular class. The advantage of maximum likelihood classification is that it is less time consuming, but the disadvantage is that it increases the salt-and-pepper effect. Although the object based classification provided a better result in comparison with per-pixel classification in the study area, identifying a suitable segmentation image is extremely time consuming [26] . In this study, both per-pixel classification and object-based classification provided good LULC maps for Al-Taif and Makkah. Analysis of Landsat images indicated that the most observed land cover changes in our study area are vegetation cover and urban growth. The increase in urbanization was clearly shown in Makkah and Al-Taif from 1986 to 2013. Increased urbanization is a major concern in developing countries. It is expected that 60% of the world's population will live in urban areas by 2030, and most of the urban growth will occur in less developed countries [36] - [38] . Our results show that the expansion of urbanization has increased extensively in the rural areas surrounding Makkah and Al-Taif. These lands have become part of the cities due to population growth and the related increase in industry and associated activities.
The rapid population growth has resulted in uncontrolled sporadic growth on the fringe of urban areas, generally termed "urban sprawl" [38] . In 2013, the Municipality of Makkah confirmed that slums cover a quarter of the city's urban surrounds. The Landsat images examined in this study show a new slum area that has arisen in the developed area in the eastern sector of the city which leads to an increase in the degradation threats on this environment. The rapid growth of urban areas and the lack of planning frameworks have increased the impact on the ecosystem, particularly in the desert environment.
Increasing of urbanization and population at higher rates than the national government's ability to provide services for sustainable healthy living environments can be a serious threat in the urban environment [39] [40] . The results of this research indicate that the rate of urbanization was very fast and uncontrolled in both Makkah and Al-Taif from 1986 to 2013. This is known as an attributive phenomenon in developing countries, especially in Asia [41] . The major development comes from both natural growth and the migration of people who search for better employment opportunities in Makkah and Al-Taif. Thus, the major concern in these cities is the uncontrolled urban growth which leads to environmental abuses and health risks.
Conclusions
This study assessed LULC changes and the dynamics of urban expansion in Makkah city and Al-Taif province using Landsat images. The results can be summarized as follows: (1 In summary, information provided by satellite remote sensing, along with ancillary data such as population data, can play a significant role in quantifying and understanding the relationship between population density and LULC changes. Furthermore, researching the nature of land cover changes can be aided and developed by analyzing the satellite data, e.g., Landsat images can provide the rate, patterns and trend of changes using the benefit of repetitive satellite coverage on a particular locality. Such information is essential for further planning and development of urban growth in the future.
